Introduction
In this review, I will answer six questions in relation to skeletal muscle aging. Why questions? Asking questions is arguably the best framework for research because questions can reduce bias and are more "natural" than hypotheses (21) . Also questions such as "Why do we age?", "Why do our muscles age?" and "What can we do about it?" allow us to better connect with those in society that ask these questions. Because of that, this review is framed around six questions on skeletal muscle aging. In summary many mechanisms or hallmarks contribute to aging and the causes and time courses of aging differ from organ to organ and in-between species (26).
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Question 3: What Is Sarcopenia?
Skeletal muscle size and function vary greatly at all ages and during normal aging skeletal muscle size and function decline. Skeletal muscle size (25) , the number of muscle fibers per muscle (30) , the size of muscle fibers (30) and muscle strength (53) already vary at least 2-fold in young individuals. During aging muscles additionally become smaller, weaker and slower ( Fig. 1  and 2 ). For example 75-year-old women and men lose 0.64-0.70% and 0.80-0.98% of their muscle mass and 2.5-3% and 3-4% of their strength per year, respectively (35) . This phenomenon is defined as sarcopenia, based on the Greek words sarx for flesh and penia for loss (13, 47) .
Some researchers additionally define the age-associated loss of strength as dynapenia (10) but this seems superfluous as broadly defined sarcopenia includes losses of muscle function. An important subtype of sarcopenia is sarcopenic obesity which is defined as the presence of both sarcopenia and obesity (13) . A workable diagnosis criterion for sarcopenia is the combination of "low muscle mass" and "low muscle strength" or "low physical performance" (13) .
Whilst specific diagnostic criteria for sarcopenia have been published (13) there is still no commonly used, cheap, easy-to-administer diagnostic test to identify patients with sarcopenia.
Question 4: What Causes Sarcopenia?
Many factors contribute to sarcopenia. In the following, five key factors will be discussed:
1. Loss of motor neurons and muscle fibers and muscle fiber atrophy. Cross-sectional studies suggest that during normal aging, spinal limb motor neurons (56) and up to half of the vastus lateralis muscle fibers (30) are lost. The problem with these studies is, that the individuals were born up to 70 years apart. Because of that, the lower motor neuron and muscle fiber numbers might be due to different environmental conditions and not due to a loss of neurons and fibers during aging. In support of the latter, Nilwik et al (38) did not observe substantially fewer muscle fibers in older individuals (38 (14) . However, when stimulated with essential amino acids (14) , resistance exercise (28) or insulin (44) , young muscles increase protein synthesis more than old muscles. The reduced response of old muscle to anabolic stimuli has been termed "anabolic resistance". Such anabolic resistance of old muscle, however, is not always observed (7). 3. Impaired regeneration due to reduced stem cell function.
Skeletal muscle has an enormous capacity to regenerate after injury. Such regeneration is dependent on satellite cells, the resident stem cells of skeletal muscle (46) . When compared to young, old human muscle has fewer satellite cells and regenerates less e.g. after immobilization atrophy (8) . This suggests that satellite cells are a key factor in sarcopenia. However, removing almost all satellite cells from young mouse muscles has hardly any effect on skeletal muscle aging (20) which seems surprising. A possible explanation is that satellite cell-depleted muscles of caged mice can age normally. However, in a real life scenario any injury or immobilization Sarkopenie: Ursachen und Behandlung atrophy will cause a problem because muscles cannot fully regenerate without satellite cells (46) . Thus, satellite cells are probably important for the aging of a normally "used" human skeletal muscle. 4. Low-grade inflammation. Aging is associated with chronically increased levels of pro-inflammatory cytokines such as interleukin-6 (IL6) and tumor necrosis factor-α (TNF-α). This is described as chronic low-grade inflammation or as a chronic low-grade inflammatory profile (CLIP) (6) . In older men and women, higher levels of pro-inflammatory cytokines are associated with sarcopenia and a greater risk of losing muscle mass and strength (6, 50, 51) . Whilst the mechanisms are not fully understood, chronic low-grade inflammation seems to contribute to sarcopenia. 5. Testosterone in hypogonadal men. The concentrations of the male sex hormone testosterone vary at all ages and decline with aging (22, 45) . Low testosterone affects muscle mass, because giving between 25 and 600mg of testosterone enanthate to men with suppressed endogenous testosterone increases the cross-sectional area of muscle fibers in a dosedependent manner (54) . Thus, low testosterone concentrations contributes to sarcopenia in hypogonadal males.
In summary, muscle size and function vary greatly at all ages and decline with normal aging, which is termed sarcopenia. Sarcopenia is a slow process caused by many factors including a loss of motor neurons and muscle fibers, anabolic resistance, an impaired regeneration, chronic low-grade inflammation and a decline of testosterone in hypogonadal men.
Question 5: What Are the Consequences of Sarcopenia?
Losing muscle mass and becoming weaker during aging has consequences for health. They are: 1. Frailty: Sarcopenia is associated with frailty (37) which overlaps with sarcopenia but additionally includes weight loss, exhaustion, slow walking speed and low physical activity (19). 2. Mortality: Low strength at middle and older ages is associated with increased all-cause and cancer mortality (3, 12, 48 (43), suggesting that sarcopenia increases the risk of not being able to live an independent life. 4. Falls: Especially leg weakness is associated with an increased risk of falls (36) .
In summary, frailty, high mortality, the inability to carry out daily living tasks and the risk of falling are some of the health issues associated with sarcopenia.
Question 6: How Can We Treat Sarcopenia?
No current intervention will bring back significant numbers of muscle fibers or satellite cells lost during aging. However, progressive resistance (strength) training in combination with nutritional interventions can increase the cross-sectional area and function of muscle fibers. Key anti-sarcopenia interventions are: 1. Progressive resistance (strength) training. Resistance training increases muscle protein synthesis (28) , the size especially of type II fibers (27, 38) , muscle size and strength in old men and women (15, 31, 40) . The increase of muscle protein synthesis after resistance exercise depends on the mechanistic target of rapamycin (mTOR), as blocking mTOR with rapamycin prevents the increase of muscle protein synthesis after resistance exercise (17) . Even over 90-year-old individuals can increase their muscle function through resistance training (27) . This identifies progressive resistance training as an effective intervention to improve muscle strength in old men and women. Suitable resistance training programs must be safe, effective and attractive for this cohort. However, the muscle size and strength adaptation to resistance training varies greatly in humans (24) . Thus, the same type of resistance training might increase muscle function in some patients but might not have any measurable effect in others. In another study all subjects improved at least one measure of muscle size or function after 12-24 weeks of resistance exercise (9) , suggesting that all subjects benefit from a suitably designed resistance training program. 2. Protein and other nutrients. The key "anabolic nutrient" is protein, which is digested into amino acids. Essential amino acids, and especially leucine, stimulate muscle protein syn- Schematic of the causes, consequences and treatments of sarcopenia. DEUTSCHE ZEITSCHRIFT FÜR SPORTMEDIZIN 68. Jahrgang 7-8/2017
Sarcopenia: Causes and Treatments thesis through mTOR, because the mTOR inhibitor rapamycin can block an amino acid-stimulated increase of human muscle protein synthesis (16) . There is no conclusive evidence for an "anabolic window" during or around a bout of resistance exercise, but ingesting 20-40g of protein before, during and/or after resistance exercise should stimulate protein synthesis near-maximally (1, 42) . The amount of protein ingested is more important than any potential effects of nutrition timing. Another question is "how much protein should older subjects consume per day?" Here, the Prot-Age study group recommends at least 1-1.2g per kg body weight per day and more for exercisers or those with chronic disease (4 (Fig. 2 ).
Summary and Conclusion
Societal aging is a major challenge for all societies affected by it. Financing societal aging and developing strategies to "rejuvenate" societies are two important tasks for governments. The third task is to keep the old population fit and healthy as this will ensure quality of life, keep the elderly out of hospitals, and care homes. Active living and endurance training programs are suited to achieve this goal but special interventions are required for those that have sarcopenia. For sarcopenic individuals it is important to utilize strategies that maintain or build muscle mass and improve muscle strength and power. Age-adapted, safe and attractive resistance exercise programs are the key focus in conjunction with ideally 20-40g of protein before, during or after a bout of exercise (the amount of protein is more important than the timing) and 1-1.2g per kg body weight per day.
However, a word of caution: whilst mTOR-mediated anabolism can increase muscle mass and size, there is evidence that high mTOR activity and more generally the promotion of anabolism over long periods reduces lifespan (23, 52, 55) . Also surprisingly, long-term dietary restriction (which should inhibit mTOR, protein synthesis and muscle size) attenuates sarcopenia in rhesus monkeys (11) . Therefore, whilst the activation of mTOR and protein synthesis stimulates muscle growth in the short term, decades of high mTOR activity may be detrimental for health, reduce lifespan and might even increase the risk of sarcopenia. Researchers should address this conundrum.
In addition to resistance exercise and protein, ergogenic aids such as creatine or vitamin D supplementation may be beneficial if there is e.g. a vitamin D deficiency or if a patient suffers from severe sarcopenia and frailty.
